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度和温度的关系不满足经典的 Arrhenius 公式，表明温度对 PCS 粘度的影响更复
杂；传统的 Fox-Flory 公式对 PCS 也不适用，表明 PCS 不是典型的线型聚合物。 
对 PCS 进行了小振幅的动态流变测试。首次得到了 PCS 熔体的动态粘弹数
据。实验结果表明，与普通高聚物不同，PCS 熔体没有平台区（高弹态），这可


























Polycarbosilane (PCS), an oligomer with the low number average molecular 
weight (Mn) and multi-distribution, has been widely applied in preparations of 
composite ceramics and ceramic fibers by polymer precursor-derived method. During 
the preparation of SiC fibers using PCS as precursors, melt-spinning process is 
commonly applied for processing PCS fibers. The melt-spinning performance of PCS 
is directly linked to the rheological properties of PCS melt. The conventional rheology 
theories are established based on two extremes in terms of Mn: polymers with high Mn 
or small molecules. Little information is available for such oligomers as PCS. 
This work was conducted to study the effects of molecular weight and 
temperature on the rheological properties of PCS melt. Before each rheological 
measurement, the high-temperature-distillation and heating-in-vacuum methods were 
applied for the pretreatments of PCS in order to remove low molecular weight 
components, by which small bubbles can be eliminated or minimized to improve the 
accuracy of experimental data and to obtain the PCS samples with different molecular 
weights. The physical and chemical properties of raw and pretreated PCS samples 
were examined and compared. The rheological measurements were made by rotation 
rheometer. It was shown that the pretreaments effectively reduced the bubbles of PCS 
samples at high temperatures. The molecular weight varied, however, the molecular 
structure and physical-chemical properties remained unchanged as compared with the 
raw PCS. 
The steady-state rheological testing results revealed that the PCS melt exhibited 
an obvious shear shinning phenomenon. The apparent viscosity of PCS melt increased 
with decreasing temperature or increasing molecular weight. The relationship between 
viscosity and temperature did not obey the Arrhenius equation, implying the more 
complex influence of temperature in viscosity. The Fox-Flory equation was also not 
suitable for PCS, indicating that PCS is not typical linear polymers. 
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The dynamic rheological properties of PCS were investigated first time by the 
small amplitude oscillatory tests. The dynamic frequency sweep curves suggested that 
PCS displayed no rubbery plateau region caused by the molecular entanglement, 
which is the most remarkable feature different from ordinary polymers. The storage 
modulus and loss modulus decreased with the increasing temperature, and increased 
with the increasing molecular weight, implying than the elastic and viscous properties 
are enhanced at lower temperatures or higher molecular weights. The peak values of 
loss factor decreased gradually with increasing temperature or decreasing molecular 
weight. 
 


















































般在 1000∼2000g⋅mol-1[2]。通常认为数均分子量在 104 6 -1~10 g⋅mol 之间的为高聚物，
又叫高分子；数均分子量在 103 4 -1~10 g⋅mol 之间的称为低聚物；数均分子量小于
103 -1g⋅mol 的是小分子[3]。熔融纺丝用聚碳硅烷属于低聚物的范畴。 
































为dv，令 /dv dsγ =& ，称为流速梯度（或剪切速率）。当内摩擦力与驱动熔体流动
的外加切应力相等时，即为完全发展的流动，称为层流。此时，熔体对流动的阻
力F与液层面积A以及流速梯度 &γ 成正比，即[11]： 
F Aη γ= &                                  （1-1） 
若用 σ表示单位面积液体的粘滞阻力（σ=F/A），σ是一种剪切应力。由此可得： 
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对粘度为常数的流体，拉伸粘度又称为Trouton粘度ηT，它与剪切粘度η的关
系为[11]： 
3Tη η= （单轴拉伸）                   （1-4） 

































粘度曲线如图 1-2 所示。 
 






















































s Gσ γ=   （ s yσ σ< ）                                （1-7） 
s y pσ σ η− = &γ   （ s yσ σ≥ ）                            （1-8） 




































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
